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(57) ABSTRACT

A method of producing an emissive toner composition
including selecting a photoluminescent agent, a charge con-
trol agent, and one or more additives and combining the
photoluminescent agent, charge control agent, and one or
more additives to form an emissive toner composition that
when printed to produce an image component on a substrate,
the emission spectra of the image component for irradiation
with a first excitation energy includes only dominant emis-
sion peaks corresponding to one or more dominant emission
peaks of the photoluminescent agent. The photoluminescent
agent is selected such that it emits light having one or more
dominant emission peaks in a first emission spectral region
when irradiated with the first excitation energy. The charge
control agent and one or more additives are selected such that
they do not emit light in the visible spectrum when irradiated
with visible light and does not emit light in the first emission
spectral region when irradiated with the first excitation
energy.
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STABLE EMISSIVE TONER COMPOSITION
SYSTEM AND METHOD

RELATED APPLICATION DATA

This application is a divisional of U.S. patent application
Ser. No. 12/194,939, filed Aug. 20, 2008, entitled “Stable
Emissive Toner Composition System and Method,” now
allowed, which application claims the benefit of priority of
U.S. Provisional Patent Application Ser. No. 60/957,161,
filed Aug. 21, 2007, entitled “Stable Emissive Toner Compo-
sition For Marking and Authentication.” Each of these appli-
cations is incorporated by reference herein in its entirety.

This application is related to U.S. application Ser. No.
10/818,058, entitled “Methods and Ink Compositions for
Invisibly Printed Security Images Having Multiple Authenti-
cation Features,” filed on Apr. 5, 2004, now U.S. Pat. No.
7,821,675, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

The present invention generally relates to the field of mark-
ing and authentication of documents and other items. In par-
ticular, the present invention is directed to a stable emissive
toner composition for marking and authentication.

BACKGROUND

Typically, printing on a substrate is performed with reflec-
tive inks and/or toners using, for example, an ink-jet or laser
printer, respectively. In toner systems, reflective colors are
produced by the reflection of light of one or more wavelengths
by toner printed on a substrate. Multiple color reflective ton-
ers may be applied to a substrate in differing amounts to
produce a variety of reflective colors. The colors reflected are
determined by the electromagnetic energy (i.e., light) that the
toner on the substrate absorbs or otherwise subtracts from the
light incident on the toner. The subtractive primary colors
commonly used in reflective color printing are cyan, yellow,
and magenta. Such a printing system is referred toasa CYMK
model. In printing with component C, Y, and M reflective
toner compositions, colors of hues other than cyan, yellow,
and magenta can be produced by combining the subtractive
primary colors in differing amounts on the substrate to com-
bine the absorption of each primary color. The incident light
not absorbed is reflected to produce reflected light of a par-
ticular color. For example, a reflective cyan toner composition
absorbs certain wavelengths of incident visible light and
reflects the non-absorbed remaining visible light having
wavelengths corresponding to the color cyan. In another
example, a reflective yellow toner composition absorbs cer-
tain wavelengths of incident visible light and reflects the
non-absorbed remaining visible light having wavelengths
corresponding to the color yellow. Combining the subtractive
absorption of a reflective yellow toner and a reflective cyan
toner can produce a reflective light having wavelengths cor-
responding to a green color. Combination of colors (e.g., inks,
toners) in printing may occur by a variety of known processes
including, but not limited to, stochastic screening, traditional
line screening, half-toning, dithering, pixelation, and any
combinations thereof.

In reflective printing using cyan, yellow, and magenta
reflective toner compositions, the C, Y, and M image compo-
nents may be combined to produce the absorption of substan-
tially all visible wavelengths and reflecting a black color.
Alternatively, a CYMK model (where the “K” represents the
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2

“key”) may include a fourth reflective black toner composi-
tion as the key for producing reflective black color in printing.

Another color model, the RGB model, is based on additive
properties of the colors red (R), green (G), and blue (B), from
which many colors and hues may be produced. The CYMK
and RGB models have been correlated by known processes in
traditional reflective printing (e.g., in digital computer print-
ing processes utilizing software correlations and/or conver-
sions).

SUMMARY OF THE DISCLOSURE

In one embodiment, a method of producing an emissive
toner composition for marking an article with an image indi-
cia for authentication, information, or decoration is provided.
The method includes selecting a photoluminescent agent that
emits light having one or more dominant emission peaks in a
first emission spectral region, each of the one or more domi-
nant emission peaks centered at a corresponding emission
wavelength, when irradiated with a first excitation energy;
selecting a charge control agent that is chemically compatible
with the photoluminescent agent and that does not emit light
in the visible spectrum when irradiated with visible light and
does not emit light in the first emission spectral region when
irradiated with the first excitation energy; selecting one or
more additives that are compatible with the photoluminescent
agent and the charge control agent and that do not emit light
in the visible spectrum when irradiated with visible light and
do not emit light in the first emission spectral region when
irradiated with the first excitation energy; and combining the
photoluminescent agent, the charge control agent, and the one
or more additives to form an emissive toner composition that
when printed to produce an image component on a substrate,
the emission spectra of the image component for irradiation
with the first excitation energy includes only dominant emis-
sion peaks corresponding to the one or more dominant emis-
sion peaks of the photoluminescent agent.

In another embodiment, a method of producing an emis-
sive toner composition for marking an article with an image
indicia for authentication, information, or decoration is pro-
vided. The method includes selecting a photoluminescent
agent that emits light having one or more dominant emission
peaks in a first emission spectral region, each of the one or
more dominant emission peaks centered at a corresponding
emission wavelength, when irradiated with a first excitation
energy, the photoluminescent agent not emitting light in the
visible spectrum when irradiated with visible light; selecting
a charge control agent that is chemically compatible with the
photoluminescent agent and that does not emit light in the
visible spectrum when irradiated with visible light and does
not emit light in the first emission spectral region when irra-
diated with the first excitation energy, the charge control
agent being present in a charge control effective amount and
in the charge control effective amount being reflectively
invisible; selecting one or more additives that are compatible
with the photoluminescent agent and the charge control agent
and that do not emit light in the visible spectrum when irra-
diated with visible light and do not emit light in the first
emission spectral region when irradiated with the first exci-
tation energy; and combining the photoluminescent agent, the
charge control agent, and the one or more additives to form an
emissive toner composition that when printed to produce an
image component on a substrate, the emission spectra of the
image component for irradiation with the first excitation
energy includes only dominant emission peaks correspond-
ing to the one or more dominant emission peaks of the pho-
toluminescent agent.
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In yet another embodiment, a method of producing an
emissive toner composition for marking an article with an
image indicia for authentication, information, or decoration is
provided. The method includes selecting a photoluminescent
agent that emits light having one or more dominant emission
peaks in a first emission spectral region, each of the one or
more dominant emission peaks centered at a corresponding
emission wavelength, when irradiated with a first excitation
energy; selecting a charge control agent that is chemically
compatible with the photoluminescent agent and that does not
emit light in the visible spectrum when irradiated with visible
light and does not emit light in the first emission spectral
region when irradiated with the first excitation energy; select-
ing one or more additives that are compatible with the pho-
toluminescent agent and the charge control agent and that do
not emit light in the visible spectrum when irradiated with
visible light and do not emit light in the first emission spectral
region when irradiated with the first excitation energy; and
combining the photoluminescent agent, the charge control
agent, and the one or more additives to form an emissive toner
composition that when printed to produce an image compo-
nent on a substrate, the emission spectra of the image com-
ponent for irradiation with the first excitation energy includes
only dominant emission peaks corresponding to the one or
more dominant emission peaks of the photoluminescent
agent, wherein when the toner composition is printed to pro-
duce an image component on a substrate, the image compo-
nent has a photoluminescent toner stability factor of about
greater than or equal to 25, wherein the photoluminescent
toner stability factor is calculated according to the following
equation: PTSF=((1-ALF-XE)xALF-QUV/CP)x100, where
PTSF is the photoluminescent toner stability factor, ALF-XE
is the average loss in photoluminescence of the image com-
ponent from day 3 to day 7 of a seven day xenon-arc exposure
at 0.35 W/m? at 340 nm with the image component distanced
from the xenon arc exposure at 10 inches and a temperature of
50 degrees Celcius, ALF-QUYV is the average loss in photo-
luminescence of the image component from day 3 to day 7 of
submission of the image component to QUV exposure con-
ditions, and CP is a number of dominant emission peaks in a
desired spectral region of an emission spectra for the image
component when irradiated with the first excitation energy
prior to the xenon-arc exposure and the QUV exposure.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, the drawings
show aspects of one or more embodiments of the invention.
However, it should be understood that the present invention is
not limited to the precise arrangements and instrumentalities
shown in the drawings, wherein:

FIG. 1 illustrates one example of a conventional CIE 1931
chromaticity diagram;

FIG. 2 illustrates one example of an emission spectra for an
exemplary photoluminescent agent;

FIG. 3 illustrates one example of an emission spectra for
another exemplary photoluminescent agent;

FIG. 4 illustrates one example of diagram of on exemplary
full-color visible color space;

FIG. 5 illustrates one example of a diagram of another
exemplary full-color visible color space;

FIG. 6 illustrates exemplary emission spectra for non-ex-
posed portions of an example printed prior art toner compo-
sition;

FIG. 7 illustrates exemplary emission spectra for exposed
portions of the example printed prior art toner composition of
FIG. 6;
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FIG. 8 illustrates exemplary emission spectra for non-ex-
posed portions of one implementation of a stable emissive
toner composition printed on a substrate;

FIG. 9 illustrates exemplary emission spectra for exposed
portions of the example printed toner composition of FIG. 8;

FIG. 10 illustrates exemplary emission spectra for non-
exposed portions of another example printed prior art toner
composition;

FIG. 11 illustrates exemplary emission spectra for exposed
portions of the example printed prior art toner composition of
FIG. 10;

FIG. 12 illustrates exemplary emission spectra for non-
exposed portions of another implementation of a stable emis-
sive toner composition printed on a substrate;

FIG. 13 illustrates exemplary emission spectra for exposed
portions of the example printed toner composition of F1IG. 12;

FIG. 14 illustrates one exemplary 3-D spectral scan for
pyrene;

FIG. 15 illustrates another exemplary 3-D spectral scan for
pyrene;

FIG. 16 illustrates one exemplary 3-D spectral scan for an
exemplary printed prior art toner composition;

FIG. 17 illustrates another exemplary 3-D spectral scan for
an exemplary printed prior art toner composition;

FIG. 18 illustrates yet another exemplary 3-D spectral scan
for an exemplary printed prior art toner composition;

FIG. 19 illustrates still another exemplary 3-D spectral
scan for an exemplary printed prior art toner composition;

FIG. 20 illustrates one exemplary 3-D spectral scan for an
exemplary printed stable emissive toner composition;

FIG. 21 illustrates another exemplary 3-D spectral scan for
an exemplary printed stable emissive toner composition; and

FIG. 22 illustrates yet another exemplary 3-D spectral scan
for an exemplary printed stable emissive toner composition.

DETAILED DESCRIPTION

An emissive toner composition, system, and method are
described herein that provide stable marking on a substrate. In
one exemplary aspect, a stable emissive toner may allow
printing of an image component on a substrate where the
image component emits, as opposed to reflecting, one or more
wavelengths of energy. A plurality of image components may
be combined to provide a multiple color (e.g., a full-color)
image produced by the emitted energy.

Emissive printing differs greatly from reflective printing.
One important difference is that emissive printing involves
radiation of electromagnetic energy from a chemical com-
pound (e.g., a chemical compound in an emissive toner com-
position). This radiation is caused by the chemical compound
changing from a higher electronic energy state (e.g., initiated
by irradiating the chemical compound with an energy) to a
lower electronic energy state. Such radiation may be referred
to as photoluminescence. Photoluminescence is a process in
which a chemical compound absorbs photons (electromag-
netic radiation), jumping to a higher electronic energy state,
and then radiates photons back out, returning to a lower
energy state. Examples of photoluminescence include, but are
not limited to, resonant radiation, fluorescence, phosphores-
cence, and any combinations thereof. In one example, an
emissive toner composition may have luminescence that
includes fluorescence. In another example, an emissive toner
composition may have luminescence that includes phospho-
rescence.

Energy emitted by an emissive toner composition may
occur at one or more wavelengths. As discussed further
below, the emitted energy may occur in one or more spectral
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regions. Unlike reflective printing techniques, an emissive
toner composition may emit energy at a wavelength and/or in
a spectral region that is different from energy incident the
emissive toner. For example, a visible image can be produced
from one or more emissive toner compositions printed on a
substrate even though no visible light is present in the ambient
environment.

In one implementation, an emissive toner composition
includes one or more photoluminescent compounds that emit
energy having one or more wavelengths upon irradiation with
excitation energy, a charge control agent, and one or more
additives. With the proper selection of emissive toner com-
position constituents, it is possible to produce toner compo-
sitions that have a high level of stability as described further
herein. Reflective toner compositions and issues related
thereto are not interchangeable for emissive toner composi-
tions and the requirements thereof. It has been found that the
proper selection of emissive toner composition constituents
and the amount of each constituent impacts the stability of the
resultant emissive image component. Ink jet systems also
differ greatly from toner based systems, which have complex
physical and chemical requirements and demands that are not
compatible with ink jet concepts. An example of an emissive
ink jet system is disclosed in U.S. patent application Ser. No.
10/818,058 to Coyle et al., which is incorporated herein by
reference in its entirety. Examples of an emissive toner com-
position according to the present disclosure address examples
of such complex requirements and demands. In one exem-
plary aspect, an emissive toner composition provides an
improved stability. As far as is known to the Applicants, such
an emissive toner composition may be utilized to produce an
image component on a substrate and a plurality of such emis-
sive toner compositions may be utilized to produce a full-
color image on a substrate that have color and/or stability
properties heretofore not possible from prior art toner sys-
tems.

FIG. 1 illustrates an example of a conventional CIE 1931
chromaticity diagram illustrating approximate color space
regions generally identified with some common names of
color hues as listed in TABLE 1. TABLE 1 shows the hue
designations and the reference numeral corresponding to
each hue. FIG. 1 is based on the article by Kenneth L. Kelly,
“Color Designations for Lights,” Journal of the Optical Soci-
ety of America, vol. 33 (1943) pp. 627-632.

TABLE 1

Reference Numerals Corresponding to Hues in FIG. 1

Reference numeral Hue
1 Illuminant Area
2 Yellowish Green
3 Yellow-Green
4 Greenish Yellow
5 Yellow
6 Yellowish Orange
7 Orange
8 Orange Pink
9 Reddish Orange
10 Red
11 Purplish Red
12 Pink
13 Purplish Pink
14 Red Purple
15 Reddish Purple
16 Purple
17 Bluish Purple
18 Purplish Blue
19 Blue
20 Greenish Blue
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TABLE 1-continued

Reference Numerals Corresponding to Hues in FIG. 1

Reference numeral Hue
21 Blue-Green
22 Bluish Green
23 Green

It will be understood that the boundaries in FIG. 1 that
delineate named hue regions are somewhat arbitrary, and are
for exemplary qualitative approximation of where various
hues are located in the continuous visual color space repre-
sented by the chromaticity diagram, without reproducing the
chromaticity diagram in color. Full color reproductions of a
CIE 1931 chromaticity diagram are readily available in many
published references on color theory and colorimetry, includ-
ing the World Wide Web URL, http://www.efg2.com/Lab/
Graphics/Colors/Chromaticity. htm.

The CIE 1931 chromaticity diagram of FIG. 1 includes a
horseshoe shaped line 30 representing a spectral locus. Wave-
lengths in nm are shown around the edge of shaped line 30. A
straight line 40 connects the endpoints of the horseshoe curve
and is known as a non-spectral “line of purples.” Coordinates
x and y measured along the abscissa and ordinate axes,
respectively, are related to tristimulus values X, Y, and Z by
the relationships x=X/(X+Y+7Z); y=Y/X+Y+7Z); z=7/(X+
Y+7); and x+y+z=1.

As stated above, a plurality of emissive toner compositions
may be utilized to produce an image on a substrate that has a
plurality of image components that combine to form an emis-
sively detectible image. In one example, such emission may
include light in a visible spectral region that produces a full-
color image. The term “full-color” refers in this context to an
image that contains visible emissive colors that are created by
the combination of emissions from multiple emissive image
components. In another example, an image produced by a
plurality of emissive toner compositions includes emissive
colors from as wide a range of colors as possible. In yet
another example, an image produced by a plurality of emis-
sive toner compositions includes emissive colors from a wide
range of colors from a color space defined by a CIE 1931
chromaticity diagram, such as the CIE 1931 chromaticity
diagram of FIG. 1.

As will be discussed further below, a photoluminescent
agent is selected in combination with a charge control agent
and one or more additives to provide a toner composition
having one or more desired characteristics related to visibility
and/or stability. A photoluminescent agent emits light having
one or more emission peaks in a desired spectral region when
irradiated with an excitation energy. Spectral regions for
emission and excitation energy are discussed further below.
FIG. 2 illustrates one example of an emission spectra 200 for
an exemplary photoluminescent agent having a single emis-
sion peak 210 centered at a wavelength 220. FIG. 3 illustrates
another example of an emission spectra 300 for an exemplary
photoluminescent agent having a emission peak 310 centered
at a wavelength 320 and a emission peak 330 centered at a
wavelength 340. Emission peak 330 is an example of an
emission maximum peak.

An emission maximum peak is an emission peak in a given
emissive spectral region having the greatest intensity of emis-
sion of all emission peaks in that emissive spectral region. A
dominant emission peak is an emission peak in an emissive
spectral region that has a relative intensity of emission that
exceeds a 5 percent (%) of the intensity of emission for the
emission maximum peak having the highest intensity of
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emission in that emissive spectral region. It should be noted
that exceeding a certain threshold includes being greater than
and/or greater than or equal to the threshold value given. In
one example, a dominant emission peak is any peak in the
chosen emissive spectral region including the emission peak
having the greatest intensity of emission and any other emis-
sion peak having an intensity that exceeds 5 percent (%) of the
intensity of the emission maximum peak.

A photoluminescent agent may have one or more emission
peaks each centered at a wavelength in a spectral region.
Example spectral regions of emission include, but are not
limited to, a visible spectral region (e.g., wavelengths of
about 400 nm to about 700 nm), an ultraviolet (UV) spectral
region (e.g., wavelengths of about 200 nm to about 400 nm),
an infrared (IR) spectral region (e.g., wavelengths of about
700 nm to about 1500 nm for near IR, wavelengths of about
1500 nm to about 11,000 nm for far IR), a short-wave UV
spectral region (e.g., wavelengths of about 200 nm to about
300 nm), a long-wave UV spectral region (e.g., wavelengths
of about 300 nm to about 400 nm), and any combinations
thereof. In one example, a photoluminescent agent is chosen
to have an emission maxima in a desired authentication emis-
sion spectral region. For discussion purposes herein, the spec-
tral region of emission of a photoluminescent agent of an
emissive toner composition may be referred to as a desired
authentication emission spectral region and the spectral
region of excitation energy utilized to provide the desired
emission may be referred to as a desired authentication exci-
tation spectral region. It should be noted that non-authentica-
tion applications of an emissive toner composition are con-
templated as being included in these spectral region
references.

Excitation energy may include energy at one or more wave-
lengths from a variety of spectral regions. In one example,
excitation energy includes a narrow band of wavelengths of
energy. In another example, excitation energy includes a
broad band of wavelengths of energy. In still another
example, excitation energy includes a discrete wavelength of
energy. Example spectral regions of excitation include, but
are not limited to, a visible spectral region, a UV spectral
region, an IR spectral region (near and/or far), and any com-
binations thereof. In one example, a photoluminescent agent
emits in a visible spectral region when irradiated with an
excitation energy ina UV spectral region. In another example,
aphotoluminescent agent emits in a UV spectral region when
irradiated with an excitation energy in a UV spectral region.
Inyetanother example, a photoluminescent agent emits in the
visible spectral region when irradiated with a short-wave UV
excitation energy. In still another example, a photolumines-
cent agent emits in an IR spectral region when irradiated with
an excitation energy in the UV spectral region. In still yet
another example, a photoluminescent agent emits in an IR
spectral region when irradiated with an excitation energy in
the IR spectral region. In a further example, a photolumines-
cent agent emits in the visible spectral region when irradiated
with an excitation energy in the IR spectral region (e.g., an IR
upconverting photoluminescent agent). Those skilled in the
art will recognize that a variety of combinations of excitation
energies and resultant emission energies are possible. Selec-
tion of a photoluminescent agent can be made such that the
chosen photoluminescent agent has one or more emission
peaks centered at wavelengths in a desired spectral region
when irradiated with energy of a desired excitation spectral
region.

Sources of various excitation energies are known. In one
example of a photoluminescent agent having an excitation
energy in the UV spectral region, a source for such energy
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may be a conventional UV source blacklight. As will be
recognized by those of ordinary skill, a conventional black-
light may also include irradiated energy in the visible spectral
region. In such an example, an image component on a sub-
strate from an emissive toner composition may be subjected
to both UV and visible incident light.

As used herein the term visible is used with respect to a
spectral region to define a spectral region typically bounded
by about 400 nm and about 700 nm. The term visible may also
be used to describe a toner composition, or a part thereof, that
when printed on a substrate has a reflectivity in the 400-700
nm visible range that is detectible upon inspection with the
unaided human eye. An invisible toner composition includes
a toner composition that lacks reflectivity in the 400-700 nm
visible range that is detectable by the unaided human eye. In
one example, an invisible toner composition is a toner com-
position that when printed allows all light in the 400-700 nm
range to pass through to the substrate, which acts on it in a
typical reflective fashion to reflect non-absorbed light in the
visible spectral region. Such reflected light of the visible
spectral region is perceived by the unaided human eye in the
same way as reflected light from surrounding background
portions of the substrate that do not have invisible toner
composition printed thereon. In another example, an invisible
toner composition is a toner composition that when printed
has a reflective optical density (OD) of about less than 0.03
optical density with respect to the substrate. In yet another
example, an invisible toner composition is a toner composi-
tion that when printed has a reflective optical density of about
less than 0.021 optical density with respect to the substrate. It
should be noted that a toner composition when printed on a
substrate may impart a sheen that may be detectable by the
unaided human eye due to changes in index of refraction
between the environment and the toner composition on the
substrate. In one exemplary aspect, visibility of a toner com-
position as used herein does not refer to detectability due
solely to index of refraction.

Sheen due to index of refraction differences may be miti-
gated or eliminated by the use of a lamination technique over
the printed toner composition. Various techniques for lami-
nating a substrate are known by those of ordinary skill. In
another example, lamination over a printed toner composition
may enhance authentication protection by providing a
mechanical mechanism by which removal of the lamination
may also separate all or part of the printed toner composition
from the substrate. In such an example, it may be easily
detectible that the lamination was removed from the substrate
(e.g., in an attempt to modify the substrate).

An emissively invisible toner composition when printed on
a substrate does not emit energy of the visible spectral region
when irradiated with excitation energy. An IR reflectionless
toner composition when printed on a substrate does not have
a reflectivity in the IR spectral region. A UV reflectionless
toner composition when printed on a substrate does not have
a reflectivity in the UV spectral region.

A photoluminescent agent may include one or more of a
variety of characteristics related to emissive and reflective
visibility. Such characteristics may be determined by the
application of use for an emissive toner composition includ-
ing the photoluminescent agent. Examples of characteristics
related to emissive and reflective visibility include, but are not
limited to, a reflectively invisible characteristic, a reflectively
visible characteristic, an emissively invisible characteristic,
an emissively visible characteristic, and any combinations
thereof. In one example, a photoluminescent agent may be
reflectively invisible. A reflectively invisible photolumines-
cent agent, when printed on a substrate, provides no reflective
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energy in the visible spectrum. In another example, a photo-
luminescent agent may be reflectively visible. A reflectively
visible photoluminescent agent, when printed on a substrate,
provides reflective energy at one or more wavelengths in the
visible spectrum. In yet another example, a photoluminescent
agent may be emissively invisible. An emissively invisible
photoluminescent agent, when printed on a substrate, pro-
vides no emission of energy that is detectible by the unaided
human eye in the visible spectrum when irradiated with an
excitation or other energy (e.g., energy in the visible spec-
trum). In still another example, a photoluminescent agent
may be emissively visible. An emissively visible photolumi-
nescent agent, when printed on a substrate, provides emission
of'one or more wavelengths of energy that is detectible by the
unaided human eye in the visible spectrum when irradiated
with an excitation or other energy (e.g., energy in the visible
spectrum).

A photoluminescent agent may be present in a stable emis-
sive toner composition in an amount that depends at least in
part on chosen photoluminescent agent, chosen charge con-
trol agent, and other additives such that the toner composition
provides desired stability and color characteristics. A photo-
luminescent agent should be present in at least an amount in
an emissive toner composition such that emission therefrom
when irradiated with the corresponding excitation energy is
emissively detectible (e.g., with an unaided human eye, with
an emission detection device, etc.). In one example of a
reflectively invisible emissive toner composition, a photolu-
minescent agent has concentration upper bound in the toner
composition that is defined, at least in part, by the amount of
photoluminescent agent that would (in combination with
other toner composition constituents) cause the toner compo-
sition to have a detectible visible reflectivity. In one example
of a reflectively visible emissive toner composition, a photo-
luminescent agent has a concentration upper bound in the
toner composition that is defined, at least in part, by the
amount of photoluminescent agent that would (in combina-
tion with other toner composition constituents) not allow the
charge control agent to effectively control the charge of the
toner composition during electrostatic printing.

In one embodiment, an amount of a photoluminescent
agent in one emissive toner composition of a printing system
(e.g., an RGB model printing system, a CYMK model print-
ing system) may be influenced by the amount of one or more
other photoluminescent agents in one or more other emissive
toner compositions of the printing system. For example, the
intensity of emission of one photoluminescent agent in one
toner composition may be less per weight percent than in
another. In one example, the amount of photoluminescent
agent in toner compositions of a plurality of toner composi-
tions in a printing system may be balanced against each other
in order to attain a balance in intensity of emission amongst
the plurality of toner compositions.

In one example, a photoluminescent agent is present in an
emissive toner composition in an amount from about 0.01
weight percent (wt. %) to about 60 wt. %. In another example,
a photoluminescent agent is present in an emissive toner
composition in an amount from about 4 wt. % to about 45 wt.
%. In yet another example, a photoluminescent agent is
present in an amount from about 12 wt. % to about 28 wt. %.
In still another example, a photoluminescent agent is present
in an amount from about 18 wt. % to about 24 wt. %.

In one example of an emissively red color toner composi-
tion, an emissively red photoluminescent agent is present in
an emissive toner composition in an amount from about 16
wt. % to about 28 wt. %. In another example of an emissively
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red color toner composition, an emissively red photolumines-
cent agent is present in an emissive toner composition in an
amount of about 22 wt. %.

In one example of an emissively green color toner compo-
sition, an emissively green photoluminescent agent is present
in an emissive toner composition in an amount from about 12
wt. % to about 24 wt. %. In another example of an emissively
green color toner composition, an emissively green photolu-
minescent agent is present in an emissive toner composition
in an amount of about 18 wt. %. In yet another example of an
emissively green color toner composition, an emissively
green photoluminescent agent is present in an emissive toner
composition in an amount from about 4 wt. % to about 8 wt.
%. In still another example of an emissively green color toner
composition, an emissively green photoluminescent agent is
present in an emissive toner composition in an amount of
about 6 wt. %.

In one example of an emissively blue color toner compo-
sition, an emissively blue photoluminescent agent is present
in an emissive toner composition in an amount from about 5
wt. % to about 60 wt. %. In another example of an emissively
blue color toner composition, an emissively blue photolumi-
nescent agent is present in an emissive toner composition in
an amount from about 20 wt. % to about 60 wt. %. In another
example of an emissively blue color toner composition, an
emissively blue photoluminescent agent is present in an emis-
sive toner composition in an amount of about 40 wt. %.

In one example of an emissively cyan color toner compo-
sition, an emissively cyan photoluminescent agent is present
in an emissive toner composition in an amount from about 10
wt. % to about 60 wt. %. In another example of an emissively
cyan color toner composition, an emissively cyan photolumi-
nescent agent is present in an emissive toner composition in
an amount of about 25 wt. %.

In one example of an emissively yellow color toner com-
position, an emissively yellow photoluminescent agent is
present in an emissive toner composition in an amount from
about 2 wt. % to about 6 wt. %. In another example of an
emissively yellow color toner composition, an emissively
yellow photoluminescent agent is present in an emissive toner
composition in an amount of about 4 wt. %.

In one example of an emissively magenta color toner com-
position, an emissively magenta photoluminescent agent is
present in an emissive toner composition in an amount from
about 16 wt. % to about 28 wt. %. In another example of an
emissively magenta color toner composition, an emissively
magenta photoluminescent agent is present in an emissive
toner composition in an amount of about 22 wt. %. It is
contemplated that in examples throughout the current
description where a quantitative value and/or value range is
modified by the term “about” that an alternative example for
each exists that does not include the “about” modifier.

Other exemplary factors that may be utilized to determine
an appropriate photoluminescent agent for an emissive toner
composition include, but are not limited to, the stability of the
photoluminescent agent itself, the volatility of the photolu-
minescent agent, the purity of the photoluminescent agent,
solubility of the photoluminescent agent itself and any com-
binations thereof. In one example, the stability of a photolu-
minescent agent is considered in selecting an appropriate
photoluminescent agent. In one such example, a photolumi-
nescent agent having a Blue Wool Scale (and/or ASTM stan-
dard D4303-03) value of greater than 3 is selected. In another
such example, a photoluminescent agent having a Blue Wool
Scale value of greater than 4 is selected. In yet another such
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example, improved lightfastness is balanced against desired
resultant emissive color in selecting a photoluminescent
agent.

In another example, the purity of a photoluminescent agent
is considered in selecting an appropriate photoluminescent
agent. In one such example, if potential impurities of a pho-
toluminescent agent include an emissively quenching sub-
stance, removal of the impurities may increase the emissive
lightfastness of the resulting emissive toner composition. In
another such example, if potential impurities of a photolumi-
nescent agent include an electron transfer agent (e.g., an agent
that reduces the efficiency of the excited state of the photolu-
minescent agent), reduction of the impurities may increase
the emissive lightfastness of the resulting emissive toner com-
position. In yet another such example, if potential impurities
of a photoluminescent agent include a non-quenching, UV
absorbing species, the presence of such an impurity may
shield the photoluminescent agent from the emissive lightfast
damaging effects of incident UV energy. Determining the
impact of an impurity on a desired characteristic of an emis-
sive toner composition may be performed in a variety of ways.
In one exemplary way, a toner composition having the pho-
toluminescent agent with the impurity and a toner composi-
tion having the photoluminescent agent with a reduction in
the impurity may be prepared and tested for the desired char-
acteristic (e.g., stability, lightfastness). As stated above, the
desired purity level may depend on a variety of factors. A
photoluminescent agent may have a purity that allows for
desired toner characteristics (e.g., stability, emissive color
output, etc.). In one example, a photoluminescent agent has a
purity of at least about 95%. In another example, a photolu-
minescent agent has a purity of at least about 90%.

In one alternative implementation, the purity of a photolu-
minescent agent may be improved before addition to an emis-
sive toner composition. In one example, purity may be
improved by recrystallizing the photoluminescent agent.
Recrystallization has been found in exemplary photolumines-
cent agents to provide a high level of stability and increased
lightfastness. Not to be bound by any one explanation, one
potential explanation for the increased stability is that an
exemplary recrystallized photoluminescent agent has an
irregular particle shape. Whether obtained by recrystalliza-
tion or other mechanism, it is believed that an irregularly
shaped particle may increase color mixing of multiple color
emissive toner compositions (e.g., to provide an improved
non-primary emission). In another exemplary aspect, it is
believed that an irregularly shaped particle may also decrease
cleaning problems associated with cleaning toner particles
off of printer components (e.g., printer drum, wiper blade,
etc.) that are associated with uniformly spherical particles. In
yet another exemplary aspect, it is believed that an irregularly
shaped photoluminescent particle increases the surface area
of the emissive substance and may increase the amount of
light absorbed by the emissive substance for activation of the
emission process (e.g., increasing emissive intensity and
color). Additionally, recrystallization may increase chemical
and/or heat stability of a photoluminescent agent. Such use of
irregularly shaped pigment particles is contrary to some
accepted practices of toner composition development that
prefer uniformly spherical particles for increased toner color
and performance.

Various processes for recrystallization are known to those
of'ordinary skill. In one example, a photoluminescent agent is
recrystallized using a solvent (e.g., dimethylformamide
(DMF), dimethyl sulfoxide (DMSO), etc.).

Examples of a photoluminescent agent include, but are not
limited to, a benzoxazole; a benzothiazole; Phenoxazine
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[CAS #135-67-1]; Brilliant Sulfoflavine; Solvent Yellow 98
[CAS #12671-74-8]; 2,2-Bipyridine-3,3'-diol; Solvent Yel-
low 98 [CAS #12671-74-8]; 1,3,6,8-Pyrenetetrasulfonic
acid; Coumarin 1; 7-Hydroxycoumarin; 4,4'-Dimethoxyben-
zil;  Chrysene—Purple; Anthracene—Blue; 2,2-(2,5-
Thiophenediyl)bis[ S-tertbutylbenzoxazole|;

BaMg,Al, ;O,,:Eu, Mn; SC-8 Red available from Angstrom
Technologies, Inc. of Erlanger, Ky.; 1-(3-Benzothiazol-2-yl-
4-hydroxy-phenyl)-3-(3-chloro-phenyl)-urea; ZnS:Cu [CAS
#1314-98-3]; TiO,; nigrosene; carbon black; a europium
complex, such as a europium complex having CAS #12121-
29-8; Europium, tris[4,4,4-trifluoro-1-(2-thienyl)-1,3-bu-
tanedionato | bis(triphenylphosphine oxide)-(7CI);
GLL300FFS Phosphorescent green available from United
Mineral & Chemical Corporation; a visible phosphorescent
agent (e.g., PPSB-06 yellow-green phosphor, PPSB-10 tur-
quoise phosphor, PPSB-09 violet phosphor, PPSB-03 orange
phosphor, PPSB-23 blue phosphor, PPSB-35 red phosphor,
PPSB-16 orange phosphor, PPSB-24 green phosphor, PPSB-
26 yellow phosphor, PPZNBB-06 green phosphor, PPWB-10
turquoise phosphor, PPWB-00 blue phosphor, each available
from Risk Reactor of Huntington Beach, Calif.); a short-wave
green fluorescent powder available by the tradename
UVSWQG, a short-wave red fluorescent powder available by
the tradename UVSWR, and a short-wave blue fluorescent
powder available by the tradename UVSWB, each available
from LDP, LLC of Calrstadt, N.J.; 2-Methylbenzoxazole,
each available from Aldrich Chemical, of Milwaukee, Wis.;
Yttrium Vanadate [CAS #7440-62-2]; Oxazine 720 [CAS
#62669-60-7], IR 26 [CAS #76871-75-5], IR 140 [CAS
#53655-17-7], IR 143 [CAS #54849-65-9], IR 125[CAS
#3599-32-4], IR 144 [CAS #54849-69-3], each available
from Exciton of Dayton, Ohio; IR fluor SDA6906, IR fluor
SDA4927, IR fluor SDA6825, each available from H.W.
Sands of Jupiter, Fla.; IRUCR, IRUCG, IRUCG, each avail-
able from LDP, LLC of Carlstadt, N.J.; Eosine Y available
from Sigma of Milwaukee, Wis. Cresyl Violet and Coumarin
152, each available from Acros of Pittsburgh, Pa.; Rhodamine
640, Stilbene 420, and Nile Blue 690, Exalite 360 [CAS
#54849-69-3], Exalite 351, p-Quaterphenyl [CAS #135-70-
6], Exalite 377E each available from Exciton of Dayton,
Ohio; Lucifer Yellow CH Potassium salt [CAS #71206-95-6]
available from Fluka of Milwaukee, Wis.; Pinacryptol Yellow
[CAS #25910-85-4] available from Sigma of Milwaukee,
Wis.; and any combinations thereof.

In one implementation, a photoluminescent agent includes
a benzoxazole. In one example, a photoluminescent agent
includes a benzoxazole that does not emit light in the visible
spectrum that is detectable by the unaided human eye when
irradiated with energy of the visible spectrum and/or an exci-
tation energy. In another example, a photoluminescent agent
includes a benzoxazole having a large Stoke’s shift (e.g., the
higher Stoke’s shift the better, such as from about 10 to about
250 nm shift). In still another example, a photoluminescent
agent includes a benzoxazole having a large Stoke’s shift and
that does not emit light in the visible spectrum that is detect-
able by the unaided human eye when irradiated with energy of
the visible spectrum and/or an excitation energy.

In another implementation, a photoluminescent agent
includes a benzothiazole. In one example, a photolumines-
cent agent includes a benzothiazole that does not emit light in
the visible spectrum that is detectable by the unaided human
eye when irradiated with energy of the visible spectrum and/
or an excitation energy. In another example, a photolumines-
cent agent includes a benzothiazole having a large Stoke’s
shift (e.g., the higher Stoke’s shift the better, such as from
about 10 to about 250 nm shift). In still another example, a
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photoluminescent agent includes a benzothiazole having a
large Stoke’s shift and that does not emit light in the visible
spectrum that is detectable by the unaided human eye when
irradiated with energy of the visible spectrum and/or an exci-
tation energy.

In yet another implementation, a photoluminescent agent
includes an inorganic chromophore. In one example, an inor-
ganic chromophore is not pre-milled prior to addition to other
constituents of a toner composition. Not to be held to any
particular theory, it is believed that milling an inorganic chro-
mophore to a smaller size may negatively impact the emissive
and/or stability characteristics of the inorganic chromophore.
In such an example, to obtain a smaller average particle size
of a photoluminescent agent, the photoluminescent agent
may be filtered or sieved. Filtering may result in an amount
(e.g., alarge amount) of photoluminescent agent that does not
meet the size requirements of the filtration process. In one
example, a photoluminescent agent having a D95 of 80% for
7 microns may have only 5% of the photoluminescent agent
that is useable for toner. The large particle size filtered off
photoluminescent agent may be recycled for other purposes.
An inorganic chromophore may be protected in a toner com-
position from oxidative damage (e.g., oxidative reaction dur-
ing the heated process of electrostatic printing) by surround-
ing the chromophore during the toner composition
production process with one or more toner resins as will be
understood by those of ordinary skill from the description
herein and/or by pre-encapsulation of the chromophore with
one or more polymers (e.g., a toner resin, epoxy, hard poly-
mer, etc.) prior to mixing with other toner composition con-
stituents.

In still another implementation, a photoluminescent agent
may include a combination of photoluminescent agents. In
one example, each photoluminescent agent may have a simi-
lar set of one or more emission peaks centered at similar
emission wavelengths. In another example, each photolumi-
nescent agent may have a set of one or more emission peaks
that have different emission wavelengths. In such an example,
the combined emission peaks may combine to provide a
desired emissive color in a single toner composition.

A photoluminescent agent may have a variety of particle
sizes. In one example of an organic photoluminescent agent,
the original size of the photoluminescent agent may be milled
to a desired size without loss of emissive activity. In another
example, an organic photoluminescent agent may have a size
that is a function of the amount of photoluminescent agent
encapsulation with toner binder that is desired. If a large
amount of encapsulation is desired (e.g., for increasing envi-
ronmental resistance of photoluminescent agent) the original
particle size and/or pre-milled particle size may be smaller. A
smaller particle size may increase the likelihood of more
extensive encapsulation by toner binder during the toner com-
position formation process. An inverse consideration
includes the increased stability of a toner composition that
has been observed with larger particle size. For example, it is
believed that increasing photoluminescent agent particle size
increases surface area of each particle, but decreases the
surface area of the total volume of photoluminescent agent
particles. A decrease in overall surface area may decrease the
amount of UV (and/or other light energy) striking photolu-
minescent agent surface to cause loss of emissive luminosity
overtime. An increase in overall surface area may increase the
amount of UV (and/or other light energy) striking photolu-
minscent agent surface to cause loss of emissive luminosity
over time. This is a competing interest, in part, because
increased surface area may also increase surface area for
emission. In yet another example, an inorganic photolumi-
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nescent agent may be more inherently stable to environmental
conditions and the largest possible particle size within the
constraints of the target toner composition particle size (e.g.,
D95 less than about 10 microns).

In addition to a photoluminescent agent, an emissive toner
composition may also include one or more reflectively visible
color pigments. Examples of a reflectively visible color pig-
ment include, but are not limited to, carbon black, titanium
dioxide, nigrosene, and any combinations thereof. In one
example, a visible color pigment may be utilized to mask a
photoluminescent agent that has one or more components that
have visible reflectivity in the visible spectral region. In one
example, a visibly colored fluorescent material may be used
in such a concentration that the visible/reflective color is
minimized, while the fluorescence is still noticeable. In
another example a small amount of a visible pigment, such as
nigrosene, etc. may be used to absorb visible light, while still
not itself visible or reflective to the unaided human eye. In still
another example, a fluorophore might be used that is reflec-
tive and emissive, but used in the context where the back-
ground of the substrate to be printed on serves to mask the
visible/reflective color.

As discussed above, a photoluminescent agent may itself
be reflectively invisible in one example. In another example,
a photoluminescent agent may be reflectively visible. A vis-
ible reflection attributable to a photoluminescent agent may
be masked in a toner composition in a variety of ways. In one
example, a visible reflective color of an emissive pigment
may be masked with a reflective pigment of the same color.
An exemplary toner composition having a photoluminescent
agent present in an amount that has a visible reflective green
color may be masked by including in the toner composition an
amount of a reflective green pigment that masks the presence
of the photoluminescent agent.

In yet another example, a separate toner cartridge may be
utilized for masking one or more portions of an image com-
ponent and/or a portion of an emissive toner composition. In
one such example, a clear toner that contains only CCA,
binder, and other additives (no pigment or other photolumi-
nescent agent) that is non-reflective and non-emissive, can be
used to coat all or part of an image to mask a sheen effect (e.g.,
a sheen effect caused by a reflectively invisible emissive toner
composition). In another such example, a separate toner car-
tridge may include an emissively black toner composition as
discussed further below (e.g., TiO, and/or nigrosene (used in
a small concentration of about 0.001 to less than 0.5% w/w)
that would serve to absorb all visible light (400-700 nm). In
one exemplary aspect, this may increase the effective resolu-
tion of an emissive image. In yet another such example, a
UV-black composition may be used in a separate toner car-
tridge to absorb both UV and visible light to increase the
effective resolution of an emissive image, but may also
slightly decrease the amount of excitation energy absorbed by
the fluorophore in the toner. In still another such example, a
visibly reflective toner may be printed uniformly over a
region of a substrate that may have an emissive image printed
thereon. In a further such example, a plurality of visibly
reflective toner compositions may be printed as a secondary
image in a region of a substrate that may have an emissive
image printed thereon.

In a further example, a masking agent may be used directly
in each of a plurality of color emissive toner compositions. In
one such example, a reflective component of the same reflec-
tive color may be added to each of an emissive red (R),
emissive green (G), and emissive blue (B) emissive toner
compositions that are used together in a multi-color emissive
toner system. One possible benefit of such inclusion may
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include masking of a CCA (or other component of an emis-
sive toner composition) that may be present in an amount that
would be reflectively visible. Addition of a reflective compo-
nent having a visible color that is the same in each toner as the
reflectively visible component in any of the toner composi-
tions would provide a visibly reflective uniform print color on
the substrate. The existence of a constituent in less than all
toner cartridges that is visibly reflective in even a small
amount can be masked by such intentional inclusion of a
visibly reflective pigment in all toners.

A charge control agent is a substance utilized in a toner
composition, at least in part, to stabilize charge of other
particles in a toner composition (e.g., by limiting an amount
of a charge (positive or negative) that a particle may hold).
Charge may be imparted on toner composition particles in a
variety of ways. In one example, toner composition particles
may obtain a charge due to physical contact with other par-
ticles. Inanother example, a charge may be actively applied to
atoner composition particle (e.g., by a mechanism of a print-
ing device).

In one embodiment, a charge control agent includes one or
more chemical compounds that do not emit energy in the
same spectral region as a corresponding photoluminescent
agent of the toner composition. For example, a charge control
agent, when printed on a substrate, does not contribute
detectible emission in the desired authentication emission
spectral region when irradiated with the energy of a desired
authentication excitation spectral region. In another example,
a charge control agent is combined in an effective amount to
control the charge and is selected in combination with a
photoluminescent agent and one or more additives in an emis-
sive toner composition such that when printed on a substrate,
the charge control agent does not contribute detectible emis-
sion (e.g., not contributing dominant emission peaks) in the
desired authentication emission spectral region when irradi-
ated with energy of a desired authentication excitation spec-
tral region.

Examples of a charge control agent (e.g., one that does not
emit in the visible spectral region when irradiated with energy
in the ultraviolet spectral region) include, but are not limited
to, a calixerene CCA that does not emit energy in the visible
spectral region when irradiated with excitation energy of the
UV spectral region, a calixerene CCA that does not emit
energy in the UV spectral region when irradiated with exci-
tation energy of the UV spectral region, a modified layered
silicate CCA that does not emit energy in the visible spectral
region when irradiated with excitation energy of the UV
spectral region, a hydrophobically modified metal oxide CCA
that does not emit energy in the visible spectral region when
irradiated with excitation energy of the UV spectral region,
and any combinations thereof. In one example, a CCA
includes a calixerene compound that does not emit energy in
the visible spectral region when irradiated with excitation
energy of the UV spectral region. In another example, a
calixerene compound that does not emit energy in the visible
spectral region when irradiated with excitation energy of the
UV spectral region includes a calixerene compound available
as BONTRON E-89 from Orient Chemical of Philadelphia,
Pa. In yet another example, a CCA includes a modified lay-
ered silicate compound that does not emit energy in the vis-
ible spectral region when irradiated with excitation energy of
the UV spectral region. In still another example, a modified
layered silicate compound that does not emit energy in the
visible spectral region when irradiated with excitation energy
of'the UV spectral region includes a modified layered silicate
compound available as N4P from Clariant of Muttenz, Swit-
zerland. In still yet another example, a CCA includes a hydro-
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phobically modified metal oxide compound that does not
emit energy in the visible spectral region when irradiated with
excitation energy of the UV spectral region. In a further
example, a hydrophobically modified metal oxide compound
that does not emit energy in the visible spectral region when
irradiated with excitation energy of the UV spectral region
includes a hydrophobically modified metal oxide compound
available as N5P from Clariant of Muttenz, Switzerland.

The amount of CCA in an emissive toner composition may
impact one or more desired characteristics of the toner com-
position when printed on a substrate. A CCA may be present
in an emissive toner composition in an amount that is effec-
tive to control charge associated with particles of the toner
composition. In one exemplary aspect, the selection ofa CCA
and the amount of the CCA used in an emissive toner com-
position may depend on the target printing system in which
the emissive toner composition is to be used. In one example,
a CCA is present in an amount of about 0.1 wt. % to about 10
wt. %. In another example, a CCA is present in an amount of
about 3 wt. % to about 7 wt. %. In yet another example, a CCA
is present in an amount of about 5 wt. %.

Examples of an additive that may be included in a stable
emissive toner composition include, but are not limited to, a
toner resin, an encapsulant, a flow control agent, a cleaning
agent, a release agent, pigment [e.g., an extra visible pig-
ment], DNA, quantum dots, chemical taggant, and any com-
binations thereof.

A toner resin is a binding agent that binds the particles of
the toner composition and contributes a charge (e.g., a charge
that is controlled by the CCA). A toner resin (also known as a
binder) may act as a medium to bring together the particles of
the toner composition. In one example, a toner resin may act
as an encapsulant. In another example, a toner resin also acts
to melt upon application of a toner composition and to assist
in the binding of a photoluminescent agent to a substrate.

Examples of a toner resin include, but are not limited to, an
acrylic copolymer (e.g., a styrene acrylate copolymer, a
polypropylene copolymer, an polyethylene copolymer, a
polyester copolymer; polyester/acrylate copolymer, polyes-
ter/polystyrene/acrylate copolymer); any combinations
thereof.

Selection of an appropriate toner resin for an emissive
toner composition may depend upon a combination of fac-
tors. In one example, the printer engine of the target printing
device for a toner composition may have a printer heating
profile that may have an impact on the selection of a toner
resin. A heating profile may be associated with a printer’s
binding/fusing process and the amount of time for which
toner composition particles will be subjected to the heat of
binding/fusing. In another example, a toner resin has a melt-
ing point, glass transition temperature, and flow rate that are
considered in selecting a toner resin (e.g., in relation to a
printer heating profile. In another example, heat stability,
humidity stability, and/or chemical stability may also factor
into the selection of a toner resin. A toner resin should have a
melting point, glass transition temperature, and flow rate that
are compatible with one or more target printer heating profiles
and have a desired high physical and chemical stability. In one
example of an analysis of chemical stability, a polyester toner
resin may have incompatible chemistry for certain emissive
toner compositions. In such a case it may be possible to utilize
another toner resin, such as a polystyrene butyl acrylate and/
or a polybutyldiene. In another exemplary aspect, a toner
resin may be selected that does not have emission when
irradiated with light of a visible spectral region and/or an
energy utilized for excitation of a selected photoluminescent
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agent. All are chosen to individually be non-emissive when
placed in combination with the other toner composition com-
ponents.

A toner resin may be present in a toner composition in any
amount that depends, in part, on, the weight of the pigment
and other contributing materials. In one example, atoner resin
is present in an amount of about 40 wt. % to about 95 wt. %.
[e.g., with an Iron Oxide can be really low] In another
example, a toner resin is present in an amount of about 80 wt.
% to about 95 wt. %.

An encapsulant is a material that is used to encapsulate one
or more of the constituents of a toner composition prior to
mixing together of the constituents to form a toner composi-
tion. Examples of an encapsulant include, but are not limited
to, melamine formaldehyde, epoxy resins, other polymer,
polyethylene (e.g., cryogenically milled) and any combina-
tions thereof.

A flow control agent is a substance that may allow toner
particles to move, separate, charge (e.g., may cause charge
statically by rubbing against other particles), flow, and/or
clean (keeps drum from oxidizing potentially by pieces of
flow control agent sticking out of toner cleaning printer com-
ponents, such as the drum); and may help toner particles
charge and stay separated. In one example, a flow control
agent may assist in dispersion of a photoluminescent agent
and a CCA in a toner composition, modify one or more flow
characteristics of a toner resin, modify adhesion of particles
within a toner composition, and any combinations thereof.
Examples of a flow control agent include, but are not limited
to, a silica. In another example, a silica includes an amor-
phous silica having a CAS # of 68909-20-6.

A flow control agent may be present in a toner composition
in any amount that assists with improving flow characteristics
of a toner composition. In one example, a flow control agent
is present in an amount of about 0.1 wt. % to about 7 wt. %.

A release agent may be utilized to assist with release of
toner particles from printer device components, such as a
fuser. In one example, a release agent is selected for its ability
to facilitate release of toner particles and for not emitting
when irradiated with light of a visible spectral region and/or
energy utilized for excitation a toner composition. Examples
of'a wax include, but are not limited to, a copolymer wax, a
propylene/ethylene copolymer wax, a paraffin, and any com-
binations thereof. In one example, a wax includes a propy-
lene/ethylene copolymer wax having a CAS # of 9010-79-1.
A release agent may be present in a toner particle releasing
effective amount in an emissive toner composition. In one
example, a release agent is present in an amount from about
0.1 wt. % to about 5 wt. %.

In one aspect, one or more toner additives should be chosen
in combination with a photoluminescent agent and a CCA to
provide an emissive toner composition having a desired char-
acteristics (e.g., stability and/or emission spectra) In one
example, each toner additive of an emissive toner composi-
tion should not emit energy in the desired authentication
emission spectral region of the corresponding photolumines-
cent agent.

In one implementation of a method for formulating an
emissive toner composition, a photoluminescent agent is
selected thathas a high level of purity and natural stability and
that has an emission spectra that matches a desired color
space (e.g., an emissive primary color, such as Red, Green,
Blue). In one example, a photoluminescent agent is selected
that when printed on a substrate will provide an image com-
ponent that is invisible. In such an example, the maximum
amount of photoluminescent agent is utilized that can be used
in a toner composition such that when printed on a substrate
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the toner composition provides an image component that is
invisible. Maximizing photoluminescent agent concentration
may provide a stronger emissive color. However, cost bal-
anced against desired intensity of color and lightfastness may
be a factor in selection of the amount of photoluminescent
agent used. The amount may also be impacted by color
matching of intensities for each emissive toner composition
used in a multi-color toner system. The appropriate amount of
CCA may be determined by starting with an amount, such as
2 wt. % and balancing the charge requirements of other con-
stituents of the toner composition. A silica flow control agent
and wax release agent may be utilized in effective amounts.
The toner resin is chosen as discussed above. Each compo-
nent is selected to be compatible with other constituents and
included in an amount effective for each purpose and such
that the toner composition has an emission spectra in a desired
emission spectral region that includes only the one or more
dominant emission peaks corresponding to a wavelength of
the one or more emission peaks of the photoluminescent
agent. For example, an invisibly emissive effective amount of
a photoluminescent agent is an amount that is reflectively
invisible in the toner composition and emits in the desired
emission spectral region.

In another implementation, an emissive toner composition
is an emissively black toner composition. An emissively
black toner composition includes a charge control agent and
one or more additives, each as described above. The emis-
sively black toner composition may be utilized with one or
more emissive color toner compositions in a toner system for
printing an image on a substrate, the image having a plurality
of'image components (e.g., one for an emissively black image
component and one for each emissive color image component
corresponding to a color emissive toner composition of the
system). The emissively black image component, when
printed on a substrate, lacks substantial emission in the spec-
tral region utilized for detecting the image component of the
one or more emissive color image components when irradi-
ated with an excitation energy used for excitation of one or
more of the emissive color image components. In one
example, the emissively black image component lacks sub-
stantial emission at all of the one or more emissive color
image component excitation energies. The emissively black
image component can appear as a black color in the emissive
color space utilized for viewing an image on a substrate (the
black color coming from the lack of emission in that color
space. The emissively black color can be attained in a variety
of' ways. In one example, the emissively black toner compo-
sition includes an emissively black agent that absorbs the
excitation energy used to excite the one or more emissive
color image components. In another example, the emissively
black toner composition does not include a photoluminescent
agent or other pigment that may emit in the desired emission
spectral region. In another example, an emissively black (e.g.,
UV-black) toner is made by increasing the melting point to
allow for less dispersion of the black toner. This may be done
by adjusting the co-polymer ratio to make the toner harder
and cause it to melt at a higher temperature, i.e. from a normal
melting point of around 150° C. to a mp of at least 2° C.
higher. In another example, the melting point of an emissively
black toner composition is increased to 5-20° C. higher than
one or more other colors in a multi-color emissive toner
system. In yet another example, a higher melting point emis-
sively black toner composition may be printed before other
colors. In still another example, a higher melting point emis-
sively black toner composition may be printed simulta-
neously with or after other colors.
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In another example, a black toner could contain a reflec-
tively visible pigment that is visible or slightly visible when
viewed as a raw pigment or raw toner, but becomes invisible
when used in combination with a known substrate, such as
Teslin (available from PPG Industries). For example, a tan,
slightly yellowish toner used in a experimentally determined
concentration would be substantially invisible when is
masked by the background of the Teslin substrate.

As discussed above, one or more emissive color toner
compositions and, optionally, an emissively black toner com-
position may be utilized in an emissively full-color system for
marking a substrate with an image (i.e., an image indicia)
having a plurality of image components. Also as discussed
above, a variety of full-color models are known including, but
not limited to, RGB and CYMK. In one example, a full-color
emissive imaging system includes a plurality of emissive
color toner compositions (e.g., a C, Y, and M) and/or an
emissively black toner composition. In this example, each of
the plurality of emissive color toner compositions include a
photoluminescent agent as discussed above (e.g., a photolu-
minescent agent that emits light having one or more emission
maxima in a desired emission spectral region when irradiated
with an excitation energy. Each emissive color toner compo-
sition also includes a CCA and one or more additives as
discussed above. Each of the photoluminescent agent, charge
control agent, and one or more additives are selected and
present in an amount in the corresponding toner composition
such that when the toner composition is printed to produce an
image component on a substrate, the emission spectra of the
image component for irradiation with the exitation energy
includes only dominant emission peak corresponding to the
dominant emission maxima of the photoluminescent agent.

In another example, a full-color emissive toner system is
capable of attaining a broad three dimensional color spectra
range in the 400 to 700 nm range that is caused by excitation
with an excitation energy and emission. In one example, a
full-color emissive toner system is capable of attaining the
color space of PANTONE PROCESS CYMK. FIG. 4 illus-
trates an example of a complete color spectra shown by a CIE
1931 chromaticity diagram. This CIE 1931 chromaticity dia-
gram is shown for illustrative purposes of in greyscale. How-
ever, one of ordinary skill will recognize that the CIE 1931
chromaticity diagram represents a full-color visible color
space that could be attainable by an emissive toner printing
system. FIG. 5 illustrates an example of a CIE 1931 chroma-
ticity diagram with a resulting emissive color gamut 500
attainable for emission of a plurality of image components
printed on a substrate according to the disclosure herein.

In yet another example, a full-color emissive toner system
may have three emissive color toner compositions, each for
printing on a substrate a corresponding image component
wherein a red image component produced by a first color
toner when printed on a substrate has a CIE 1931 chromaticity
coordinate in the range defined by about (+/-0.05): (0.48,
0.22)(0.48,0.43), and (0.67,0.26); a green image component
produced by a second color toner when printed on a substrate
has a CIE 1931 chromaticity coordinate in the range defined
by about (+/-0.05): (0.14, 0.42), (0.12, 0.72), and (0.43,
0.46); and a blue image component produced by a third color
toner when printed on a substrate has a CIE 1931 chromaticity
coordinate in the range defined by about (+/-0.05): (0.16,
0.10), (0.15, 0.38), and (0.30, 0.15).

In another example, a full-color emissive toner system
having a plurality of emissive color toner compositions and,
optionally, an emissively black toner composition may be
utilized to print on a substrate a combination of image com-
ponents that at least in part produce an additive emission
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when irradiated with one or more excitation energies, the
additive emission representing an emissive brown color.
Accurate reproduction of a brown emissive color space has
been difficult to attain. The improved stability and color
purity of the current emissive toner compositions (as will be
discussed further below) provide a previously unseen ability
to reproduce desired emissive colors on a substrate such that
the emissive color of the printed toner composition and/or
compositions more accurately represent the target emission
spectra of the included photoluminescent agent(s). Such
accuracy allows the production of emissive colors in a wide
spectrum, including brown emissive color. In one exemplary
aspect, an emissive brown color may be important to certain
authentication applications (e.g., reproduction of a photo-
graph including various human skin tones in an emissive
image for purpose of authenticating a document, such as an
identification card). Numerous hues of brown emissive color
are potentially attainable using a plurality of emissive color
toner compositions. In one example, a combination of image
components may produce a brown emissive color having an
RGB value of about (55, 8, 8). In another example, a combi-
nation of image components may produce a brown emissive
color having a CYMK value of (40, 100, 70, 50). In yet
another example, a combination of image components may
produce a brown emissive color having a CYMK value of (51,
72, 8, 76). In still another example, a combination of image
components may produce a brown emissive color having an
RGB value ofabout (164, 84,30). In still yet another example,
a combination of image components may produce a brown
emissive color having an RGB value of about (150, 75, 0).

In one example, an RGB model may be better for the
production of brown emissive color. Not being bound to any
particular theory, it is believed that because of the additive
nature of the RGB model and the existence of red, green, and
blue cones in the human eyes, that it is possible that more
accurate reproduction of brown emissive color may be pos-
sible with an RGB model.

It should be noted that a variety of RGB standard models
are available. Examples of RGB models include, but are not
limited to, an older International Radio Consultative Com-
mittee (CCIR) Standard 601; the International Telecommu-
nications Union standard, Radiocommunications Sector
(ITU-R) “Studio encoding parameters of digital television for
standard 4:3 and wide screen 16:9 aspect ratios” Standard
BT.601; the Electronic Industries Association (EIA) Standard
RS-170A; the Video Electronics Standards Association
(VESA) Standard 1.2; and any successor standards/versions
to these standards and versions.

As discussed above, various procedures for combining
image components are contemplated for combining emissive
energy from toner compositions that are printed on a substrate
to produce a wide range of emissive colors. Examples of such
procedures include, but are not limited to, stochastic screen-
ing, traditional linescreening, halftoning, dithering, and any
combinations thereof. In one example, a first toner composi-
tion is printed as an image component to a location on a
substrate. A second toner composition is then printed as an
image component to the same location on a substrate. These
two toner compositions are essentially stacked on top of each
other. When irradiated with an appropriate excitation energy
the two emissive image components on the substrate emit
with their respective emission energies (e.g., each emitting
light of a different visible color wavelength). In an additional
example, the toner composition of the image component that
is stacked on top of the other may be as transmissive as
possible (e.g., completely transmissive) to the excitation
energy so that the excitation energy can pass to the under
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image component for excitation. In one exemplary aspect,
stacked image components may provide a higher resolution
than other combination techniques, such as screening. It
should be noted that although these examples illustrate two
image components stacked on the same portion of the sub-
strate, it is contemplated that any number of image compo-
nents may be stacked.

An emissive toner composition may be applied to any
substrate. Examples of a substrate for printing an image com-
ponent thereon include, but are not limited to, a paper sub-
strate, a Teslin substrate, a transfer paper (e.g., transfer to
wood, plastic, metal), Tyvek, a plastic, a film (e.g., polymeric
film), a transparency, a synthetic paper-like substrate (e.g.,
polycarbonate sheet, MYLAR), a fabric (e.g., clothing), and
any combinations thereof.

As discussed above one example application for an emis-
sive toner composition and/or emissive multi-color toner sys-
tem is for authenticating a document or other article. The need
for improved authentication, for example in the fields of
security and product labeling, is continually growing. The
emissive toner compositions of the present disclosure provide
such an improvement. For example, exemplary emissive
toner compositions of the present disclosure are stable, have
high color purity, and allow for full-color marking on a sub-
strate that requires marking and/or authentication. Examples
of an application for an emissive toner composition include,
but are not limited to, authentication, security (e.g., identifi-
cation documents, licenses, passports), process control (e.g.,
labeling product packaging), counterfeiting control (e.g., tag-
gant image on clothing, labeling on perfume bottles), art-
work, decoration, special effects, taggant for an artist’s proof,
and any combinations thereof. In one exemplary aspect, an
invisible image comprising one or more invisible image com-
ponents may add to the value of such markings. In one
example, product labeling may include an emissive image
(e.g., for process control, counterfeiting deterrent) that is
invisible, but that emits to disclose the image (e.g., a full-color
image). Product packaging is often crowded and aesthetically
designed to maximize marketing intentions. Such space and
design considerations may not give leave for placement of a
visible marking or counterfeit protection tag. In another
example, an invisible image that is invisible and emits upon
irradiation with UV excitation energy may not be detectible
by the unaided human eye. Such an example, like other exci-
tation/emission combinations, requires some form of authen-
tication device (e.g., a UV light source) to view the emissive
image. In the case of an authentication device that is in wide
use, members of the general public may be able to utilize
these types of security features (e.g., the security feature is
more of a limited public security feature instead of an overt
security feature that everyone can view and a covert security
feature that may require highly specialized equipment to
view).

Various printing devices (e.g., electrostatic printing
devices, such as a photocopier, a laser printer) for printing
with one or more reflective toner compositions are known.
Any printing device may be utilized with one or more emis-
sive toner compositions and/or emissively black toner com-
position of the present disclosure to produce an emissive
image on a substrate. In one example, a printing device
designed for reflective toner compositions may be modified to
accept one or more emissive toner compositions. In one such
example, data representing an image to be printed may be
required to be converted to a negative form prior to being sent
to the printing device for printing. For example, an existing
CYMK reflective printing system may have its reflective
toner replaced by emissive toner compositions of the present
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disclosure. For an emissive full-color system that is based on
an additive RGB model, the cyan reflective toner may be
replaced with the emissive red toner, the yellow reflective
toner may be replaced with the emissive green toner, and the
magenta reflective toner may be replaced by a blue emissive
toner composition. The black reflective toner may be replaced
by an emissively black toner composition as described herein.
In another example, a printing device may be designed origi-
nally to utilize emissive toner compositions.

Converting image data to a negative form may be done by
software (e.g., software residing in a computer, such as a
printer driver designed to utilize emissive toner with a reflec-
tive toner printing system). Examples of commercially avail-
able computer software that can convert image data to a
negative form include, but are not limited to, Adobe® Photo-
shop® or Adobe® PhotoShop® Elements (both available
from Adobe Systems, Inc. of San Jose, Calif.), Corel® Photo-
Paint™ (available from Corel Corp. of Ottawa, Ontario,
Canada), or ArcSoft® PhotoStudio® (available from Arc-
Soft, inc. of Fremont, AC), equivalent photo-editing software,
and any combinations thereof.

In one embodiment, selection and combination of a pho-
toluminescent agent, a CCA, and one or more additives as
discussed herein may produce a toner composition that when
printed on a substrate provides an unexpectedly high printed
image emissivity stability. The emissivity stability of a
printed image and/or a component of the printed image may
be measured by any of a variety of indicators of stability.
Examples of an indicator of stability include, but are not
limited to, emissive lightfastness, general stability from envi-
ronmental conditions (e.g., heat, humidity, and chemical
interactions), color purity, and any combinations thereof. In
one exemplary aspect, a toner composition of the present
disclosure, when printed on a substrate, exhibits excellent
lightfastness. In another exemplary aspect, a toner composi-
tion of the present disclosure, when printed on a substrate,
exhibits excellent color purity.

Color purity is a term that serves to describe the complex
effects of environment on photoluminescent toner. This is a
measure of the number of components that contribute to the
overall fluorescence of the toner. Each photoluminescent
component effects the emission of the toner. The emission
qualities of a particular toner are a function of the photolu-
minescent components and their environment. In one
example, the emissive components are limited to only those
of'the photoluminescent pigment chosen. In another example,
the effect of the toner environment on the photoluminescent
pigment; and the observed and measured fluorescence of the
toner itself may be considered.

Color purity is also very important in respect to the additive
effect seen with emissive colors. It is much simpler to derive
secondary colors from primary colors by starting with pure
primary colors. This is true for both CYMK and RGB color
schemes.

Lightfastness is a primary function of the photolumines-
cent pigment chosen. Lightfastness, or the stability toward
light, is a particularly complex subject.

General stability includes stability from heat, humidity and
UV light exposure. This is a limiting variable and is primarily
a function of the photoluminescent pigment and its environ-
ment. While the temperature and chemical stability of a pho-
toluminescent pigment is an important concern; these factors
may be more dependent on the environment of the fluoro-
phore in toner and the toner environment can be manipulated
to some degree to create a stable formulation. These factors
may also include the choice of polymer used, and the effect of
the toner additives used, including the CCA.
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In one example, emissive stability may be modeled as a
photoluminescent toner stability factor (PTSF). A method of
quantifying the stability of toner formulations would be a
useful tool to measure the long-term stability and determine
the suitability of specific toner formulations.

Many concepts may be included in this method including:
lightfastness, general stability from heat, humidity, and
chemical components. The color purity is also an important
concern with emissive colors as the color purity has a dem-
onstrated effect on both observed and measured photolumi-
nescent colors in toner. In one example a photoluminescent
toner stability factor (PTSF) measured may be shown as

Lightfastness

PISFy = X General stability= 100,

Color Purity

where lightfastness as used herein with respectto PTSF, /is
measured as the average loss in luminescence from day 3 to
day 7 of an image component of an emissive toner composi-
tion on a substrate under xenon-arc exposure at 0.35 W/m? at
340 nm with sample distanced from light source at 10 inches
and a temperature of 50 degrees Celcius (° C.); color purity is
the number of photoluminescent component emission peaks
having a peak height that exceeds about 5% of the peak height
of an emission maximum peak of the spectral region (e.g.,
quantified by a relative and/or measured intensity of com-
pared peaks in the desired emission spectral region); and
general stability is a factor of the average loss of lumines-
cence under heat, humidity and UV light exposure conditions
(“QUYV exposure conditions™). As used herein the term QUV
exposure conditions refers to heat, humidity and UV light
exposure conditions using an Atlas UVCON Fluorescent
Ultraviolet Condensation Weather Device using a lamp type
UVB-313 (or substantially similar device) at an 8 hour light
cycle, 4 hour condensation cycle, black panel temperature of
70° C.+-3° C. light cycle and 50° C.+/-3° C. condensation
cycle using exposure standards ASTM G 147-02 and/or
ASTM G 154-06.

In one example, an emissive toner composition may
include a photoluminescent agent, a CCA, and one or more
additives, each selected and present in an amount such that
when the toner composition is printed to produce an image
component on a substrate, the image component has a pho-
toluminescent toner stability factor of about greater than or
equal to 25. In another example, an emissive toner composi-
tion may include a photoluminescent agent, a CCA, and one
or more additives, each selected and present in an amount
such that when the toner composition is printed to produce an
image component on a substrate, the image component has a
photoluminescent toner stability factor of about greater than
or equal to 35. In yet another example, an emissive toner
composition may include a photoluminescent agent, a CCA,
and one or more additives, each selected and present in an
amount such that when the toner composition is printed to
produce an image component on a substrate, the image com-
ponent has a photoluminescent toner stability factor of about
greater than or equal to 40. In still another example, an emis-
sive toner composition may include a photoluminescent
agent, a CCA, and one or more additives, each selected and
present in an amount such that when the toner composition is
printed to produce an image component on a substrate, the
image component has a photoluminescent toner stability fac-
tor of about greater than or equal to 48.
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EXPERIMENTAL EXAMPLES

Example 1
5 An Exemplary Emissively Green Toner Composition

An exemplary stable emissive toner composition was pre-
pared including the following components:

10

80 to 95 wt. %
0.1to5wt. %
0.1to2wt. %
5 wt. %
4to 8 wt. %

a styrene acrylate copolymer
a propylene/ethylene copolymer wax
an amorphous silica
BONTRON E-89 CCA
SC-4 Photoluminescent Agent
15

Method of making: the CCA, photoluminescent agent, sty-
rene acrylate commpolymer, and other additives were dry
mixed and ribbon blended (dispersed as uniformly amongst
each other). Then the result was fed into an extruder (a device
that encompasses heat, pressure, and auger to keep the com-
position moving for continued distribution and prevention of
burning due to heat) through an aperture to create a ribbon.
This extrusion was performed at about 250 degrees Celsius, at
about 1-4 atmospheres. The ribbon was then broken into
chunks and fed through a chipper. The resultant chips were jet
milled and classified.

Example 2
3 Xenon Arc Testing of Prior Art Emissive Toner
Composition

A prior art emissive toner composition was prepared

35 including the following components.

83 to 98 wt. %
0.1to5wt. %
0.1to2wt. %
5 wt. %
3 wt. %

a styrene acrylate copolymer

a propylene/ethylene copolymer wax
an amorphous silica

BONTRON E-84 CCA

40
SC-4 Photoluminescent Agent

The prior art toner composition was applied to a print area
of seven 4 inch by 3 inch Teslin substrates using an Okidata
OKI C9600 printer. Each of the seven substrates was exposed
to Xenon Arc lamp exposure for differing times over a seven
day period such that one substrate was exposed for one day,
another substrate exposed for two days, etc. Exposure
occurred using a Q-Panel model Q-Sun 1000 having an 1800
Watt (W) xenon-arc lamp with radiometer (control of source)
set at 340 nm control point and daylight filter (for eliminating
heat). Intensity was set at 0.35 W/m? at 340 nm with sample
distanced from light source at 10 inches and a temperature of
50 degrees Celcius (° C.).

During exposure, half of each substrate was protected from
exposure to provide a control. The image component pro-
duced by the emissive toner composition on each Teslin sub-
strate was analyzed using a Perkin-Elmer LS 50B Lumines-
cence Spectrometer with 356 nm excitation and emission
spectra in the visible spectral region was obtained for the
control non-exposed portion and the exposed portion.

FIG. 6 illustrates emission spectra for the seven Teslin
substrate non-exposed portions. The emission spectra at one
day includes an emission maximum peak 610 at about 504 nm
and another dominant emission peak 615 at about 460 nm that
does not correspond to emission due to the photoluminescent
agent. The emission spectra at two days includes an emission
maximum peak 620 at about 504 nm and another dominant
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emission peak 625 at about 460 nm that does not correspond
to emission due to the photoluminescent agent. The emission
spectra at three days includes an emission maximum peak
630 at about 504 nm and another dominant emission peak 635
at about 460 nm that does not correspond to emission due to
the photoluminescent agent. The emission spectra at four
days includes an emission maximum peak 640 at about 504
nm and another dominant emission peak 645 at about 460 nm
that does not correspond to emission due to the photolumi-
nescent agent. The emission spectra at five days includes an
emission maximum peak 650 at about 501 nm and another
dominant emission peak 655 at about 460 nm that does not
correspond to emission due to the photoluminescent agent.
The emission spectra at six days includes an emission maxi-
mum peak 660 at about 501 nm and another dominant emis-
sion peak 665 at about 460 nm that does not correspond to
emission due to the photoluminescent agent. The emission
spectra at seven days includes an emission maximum peak
670 at about 501 nm and another dominant emission peak 675
at about 460 nm that does not correspond to emission due to
the photoluminescent agent. Differences in intensity of emis-
sion of each sample that may appear to be inconsistent with
the number of days of exposure may be due to differences in
print density of toner composition in the image component
across samples.

FIG. 7 illustrates emission spectra for the seven Teslin
substrate exposed portions. The emission spectra at one day
includes an emission peak 710 at about 504 nm and a set of
degraded peaks 715 in place of the dominant emission peak
615. The degraded peaks do not correspond to emission due to
the photoluminescent agent. The emission spectra at two days
includes an emission peak 720 at about 504 nm and a set of
degraded peaks 725 in place of the dominant emission peak
625. The degraded peaks do not correspond to emission due to
the photoluminescent agent. The emission spectra at three
through seven days include degraded peaks 730 and 735, 740
and 745, 750 and 755, 760 and 765, and 770 and 775, respec-
tively.

Table 2 below details spectral data for emission at 504.3
nm, which represents the wavelength of peak emission for the
emission peak of the target photoluminescent agent of the
toner composition. It was observed that the peak emission for
this emission peak shifted from about 504 nm to about 501 nm
across samples. It was also observed that the non-exposed
spectra include a second peak at 460 nm that did not corre-
spond to emission at a wavelength of the photoluminescent
agent of the toner composition. The exposed spectra also
illustrate the near complete degradation of the emission peak
from day 1 to day 7 and the increase of emission at various
other wavelengths. Additionally, the peak representing the
original emission maximum peak shifted greatly away from
504 nm. Thus, the color stability of the toner composition is
unstable across applications and degrades significantly over
time and exposure.

TABLE 2
Intensity Before Intensity After %

Exposure Exposure Degraded
lday OT1-1 223.65 223.26 0.001744
2day OT1-2 150.73 95.19 0.368473
3day OT1-3 159.36 58.13 0.635228
4day OT1-4 133.32 31.88 0.760876
5day OT1-5 180.34 56.66 0.685816
6day OT1-6 177.85 43.65 0.754568
7day OT1-7 174.21 25.74 0.852247
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Example 3

Xenon Arc Testing of Emissive Toner Composition
According to Example 1

An exemplary emissive toner composition was prepared
according to the description of Example 1 and was applied to
a print area of seven 4 inch by 3 inch Teslin substrates an
Okidata OKI C9600 printer. Each of the seven substrates was
exposed to Xenon Arc lamp exposure for differing times over
a seven day period such that one substrate was exposed for
one day, another substrate exposed for two days, etc. Expo-
sure occurred using a Q-Panel model Q-Sun 1000 having an
1800 Watt (W) xenon-arc lamp with radiometer (control of
source) set at 340 nm control point and daylight filter (for
eliminating heat). Intensity was set at 0.35 W/m? at 340 nm
with sample distanced from light source at 10 inches and a
temperature of 50° C.

During exposure, half of each substrate was protected from
exposure to provide a control. The image component pro-
duced by the emissive toner composition on each Teslin sub-
strate was analyzed using a Perkin-Elmer LS 50B Lumines-
cence Spectrometer with 356 nm excitation and emission
spectra in the visible spectral region was obtained for the
control non-exposed portion and the exposed portion. FIG. 8
illustrates emission spectra for the seven Teslin substrate
non-exposed portions. The emission spectra at one day illus-
trates a single emission maximum peak 810 at about 504 nm
with no additional dominant emission peaks in the visible
spectral region. The emission spectra at two days illustrates a
single emission maximum peak 820 at about 504 nm with no
additional dominant emission peaks in the visible spectral
region. The emission spectra at three days illustrates a single
emission maximum peak 830 at about 504 nm with no addi-
tional dominant emission peaks in the visible spectral region.
The emission spectra at four days illustrates a single emission
maximum peak 840 at about 504 nm with no additional domi-
nant emission peaks in the visible spectral region. The emis-
sion spectra at five days illustrates a single emission maxi-
mum peak 850 at about 504 nm with no additional dominant
emission peaks in the visible spectral region. The emission
spectra at six days illustrates a single emission maximum
peak 860 at about 504 nm with no additional dominant emis-
sion peaks in the visible spectral region. The emission spectra
atseven days illustrates a single emission maximum peak 870
at about 504 nm with no additional dominant emission peaks
in the visible spectral region. Each of these emission maxi-
mum peaks correspond to the emission maximum peak of
emission for the SC-4 photoluminescent agent. It is noted that
there is no shift across samples at zero exposure in the wave-
length of the emission maximum peak. Differences in inten-
sity of emission of each sample that may appear to be incon-
sistent with the number of days of exposure may be due to
differences in print density of toner composition in the image
component across samples.

FIG. 9 illustrates emission spectra for the seven Teslin
substrate exposed portions. Emission spectra for exposed
samples after one to seven days illustrate emission maximum
peas 910, 920, 930, 940, 950, 960, 970, respectively. Taking
the first day sample as an outlier data point, the emission
maximum peak retained a much greater degree of its intensity
consistently up to the six and seven day mark. In addition to
greater intensity degradation, the emission maximum peak
shifted due to exposure below 500 nm. Over time small,
emission peaks 925,935, 945, 955,965, 975 appear to a much
lesser extent than in the prior art sample after two days of
exposure.



US 9,104,126 B2

27

Table 3 below details spectral data for emission at 504.3
nm, which represents the wavelength of peak emission for the
emission peak of the target photoluminescent agent of the
toner composition.

TABLE 3
Before Exposure After Exposure

lday NTI1-1 384.21 NT 1-1 179.51 0.532782
2day NT1-2 380.89 NT 1-2 337.1 0.114968
3day NT1-3 505.97 NT 1-3 383.02 0.242999
4day NT1-4 411.12 NT 1-4 322.27 0.216117
Sday NT1-5 340.59 NT 1-5 250.21 0.265363
6day NT1-6 489.58 NT 1-6 164.56 0.663875
7day NT1-7 388.16 NT 1-7 176.11 0.546295

Example 4

Prior Art QUV Testing

A prior art emissive toner composition according to
example 2 above was applied to a print area of seven 4 inch by
3 inch Teslin substrates an Okidata OKI C9600 printer. Each
of the seven substrates was exposed to laboratory accelerated
weathering for differing times over a seven day period such
that one substrate was exposed for one day, another substrate
exposed for two days, etc. Accelerated exposure was under-
taken using an Atlas UVCON Fluorescent Ultraviolet Con-
densation Weather Device using a lamp type UVB-313 at an
8 hour light cycle, 4 hour condensation cycle, black panel
temperature of 70+-3° C. light cycle and 50+-3° C. conden-
sation cycle. Exposure standards ASTM G 147-02 and ASTM
G 154-06 were used. During exposure, half of each substrate
was protected from exposure to provide a control. The image
component produced by the emissive toner composition on
each Teslin substrate was analyzed using a Perkin-Elmer LS
50B Luminescence Spectrometer with 356 nm excitation and
emission spectra in the visible spectral region was obtained
for the control non-exposed portion and the exposed portion.
FIG. 10 illustrates emission spectra for the seven Teslin sub-
strate non-exposed portions. The emission spectra at one day
includes an emission maximum peak 1010 at about 504 nm
and another dominant emission peak 1015 at about 460 nm
that does not correspond to emission due to the photolumi-
nescent agent. The emission spectra at two days includes an
emission maximum peak 1020 at about 504 nm and another
dominant emission peak 1025 at about 460 nm that does not
correspond to emission due to the photoluminescent agent.
The emission spectra at three days includes an emission
maximum peak 1030 at about 504 nm and another dominant
emission peak 1035 at about 460 nm that does not correspond
to emission due to the photoluminescent agent. The emission
spectra at four days includes an emission maximum peak
1040 at about 504 nm and another dominant emission peak
1045 at about 460 nm that does not correspond to emission
due to the photoluminescent agent. The emission spectra at
five days includes an emission maximum peak 1050 at about
501 nm and another dominant emission peak 1055 at about
460 nm that does not correspond to emission due to the
photoluminescent agent. The emission spectra at six days
includes an emission maximum peak 1060 at about 501 nm
and another dominant emission peak 1065 at about 460 nm
that does not correspond to emission due to the photolumi-
nescent agent. The emission spectra at seven days includes an
emission maximum peak 1070 at about 501 nm and another

10

15

20

25

30

35

40

45

50

55

60

65

28

dominant emission peak 1075 at about 460 nm that does not
correspond to emission due to the photoluminescent agent.

Differences in intensity of emission of each sample may be
due to differences in print density of toner composition in the
image component across samples. It is noted that the wave-
length of the emission maximum peak shifted across samples
to below 500 nm.

FIG. 11 illustrates emission spectra for the seven Teslin
substrate exposed portions. The emission spectra at days one
to seven each include an emission peak in about the same
region as before exposure 1110, 1120, 1130, 1140, 1150,
1160, 1170, respectively. However, it is clear that after one
day of exposure, the emission peak due to the photolumines-
cent agent has shifted to the blue and nearly completely
degraded. The emission peaks 1115,1125, 1135, 1145, 1155,
1165, 1175 that are not due to the photoluminescent agent
after one to seven days, respectively, have also degraded
significantly. However, peaks 1115, 1125, 1135, 1145, 1155,
1165, 1175 remain in each example as relatively large (i.e.,
dominant) with respect to corresponding peaks 1110, 1120,
1130, 1140, 1150, 1160, 1170.

Table 4 below details spectral data for emission at 504.3
nm, which represents the wavelength of peak emission for the
emission peak of the target photoluminescent agent of the
toner composition.

TABLE 4
Before Exposure After Exposure

lday OT2-1 25441 OT 2-1 138.34 0.456232
2day OT2-2 221.67 OT 2-2 68.82 0.689539
3day OT2-3 261.09 OT 2-3 29.87 0.885595
4day OT2-4 261.62 OT 2-4 35.33 0.864957
S5day OT2-5 310.66 OT 2-5 26.66 0.914183
6day OT2-6 176.6 OT 2-6 29.53 0.832786
7day OT2-7 322.33 OT 2-7 24.74 0.923246

Example 5

QUYV Testing

An exemplary emissive toner composition was prepared
according to the description of Example 1 and was applied to
a print area of seven 4 inch by 3 inch Teslin substrates an
Okidata OKI C9600 printer. Each of the seven substrates was
exposed to QUV exposure for differing times over a seven day
period such that one substrate was exposed for one day,
another substrate exposed for two days, etc. rate exposed for
two days, etc. Accelerated exposure was undertaken using an
Atlas UVCON Fluorescent UltraViolet Condensation
Weather Device using a lamp type UVB-313 at an 8 hour light
cycle, 4 hour condensation cycle, black panel temperature of
70+-3° C. light cycle and 50+-3° C. condensation cycle.
Exposure standards ASTM G 147-02 and ASTM G 154-06
were used. During exposure, half of each substrate was pro-
tected from exposure to provide a control. The image com-
ponent produced by the emissive toner composition on each
Teslin substrate was analyzed using a Perkin-Elmer LS 50B
Luminescence Spectrometer with 356 nm excitation and
emission spectra in the visible spectral region was obtained
for the control non-exposed portion and the exposed portion.
FIG. 12 illustrates emission spectra for the seven Teslin sub-
strate non-exposed portions. The emission spectra at one day
illustrates a single emission maximum peak 1210 at about
504 nm with no additional dominant emission peaks in the
visible spectral region. The emission spectra at two days
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illustrates a single emission maximum peak 1220 at about
504 nm with no additional dominant emission peaks in the
visible spectral region. The emission spectra at three days
illustrates a single emission maximum peak 1230 at about
504 nm with no additional dominant emission peaks in the
visible spectral region. The emission spectra at four days
illustrates a single emission maximum peak 1240 at about
504 nm with no additional dominant emission peaks in the
visible spectral region. The emission spectra at five days
illustrates a single emission maximum peak 1250 at about
504 nm with no additional dominant emission peaks in the
visible spectral region. The emission spectra at six days illus-
trates a single emission maximum peak 1260 at about 504 nm
with no additional dominant emission peaks in the visible
spectral region. The emission spectra at seven days illustrates
a single emission maximum peak 1270 at about 504 nm with
no additional dominant emission peaks in the visible spectral
region. Each of these emission maximum peak correspond to
the emission maximum peak of emission for the SC-4 pho-
toluminescent agent. It is noted that there is no shift across
samples at zero exposure in the wavelength of the emission
maximum peak. Differences in intensity of emission of each
sample may be due to differences in print density of toner
composition in the image component across samples.

FIG. 13 illustrates emission spectra for the seven Teslin
substrate exposed portions. Emission spectra for days one to
seven illustrate emission maximum peaks 1310, 1320, 1330,
1340, 1350, 1360, 1370, respectively, degrading over time in
intensity. However, the color purity remained strong with the
emission maximum peak retaining intensity at the wave-
length of emission for the photoluminescent agent. Addition-
ally, relative color distortion due to additional emission
remained relatively small in each example.

Table 5 below details spectral data for emission at 504.3
nm, which represents the wavelength of peak emission for the
emission peak of the target photoluminescent agent of the
toner composition.

TABLE §

Before Exposure After Exposure
lday NT2-1 466.87 NT 3-1 215.25 0.538951
2day NT2-2 600.98 NT 3-2 223.7 0.627775
3day NT2-3 540.55 NT 3-3 105.78 0.80431
4day NT2-4 4851 NT 3-4 40.83 0.915832
Sday NT2-5 441.67 NT 3-5 89.53 0.797292
6day NT2-6 503.58 NT 3-6 92.44 0.816434
7day NT2-7 634.7 NT 3-7 32.44 0.948889
Example 7

Three-Dimensional Spectral Analysis/Single Peak

Three-dimensional emissive spectral analysis was con-
ducted using a Horiba Fluoromax 4 Three-Dimensional
Scanner. Such a scan provides a spectra that plots measured
intensity of energy versus emission wavelength (in nm) ver-
sus excitation energy wavelength (in nm).

FIGS. 14 and 15 illustrate exemplary 3-D spectral scans for
Pyrene. Pyrene was scanned as a standard to show that over-
tones and artifacts may exist in an emission spectra. Emission
due to fluorescence generates a peak that has a constant exci-
tation wavelength. For fluorescent emission, the wavelength
of' emission does not change as the wavelength of the excita-
tion energy changes. FIG. 14 shows several emissive peaks in
the foreground with an elongated detected peak stretching
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from about 270 nm of emission to about 460 nm of emission.
FIG. 15 illustrates a top view of a scan of Pyrene. This view
plots emission wavelength versus excitation wavelength. The
elongated peak is shown as varying in emission wavelength as
the excitation wavelength changes.

FIGS. 16 to 19 illustrate exemplary 3-D spectral scans for
a prior art toner composition according to Example 2 above.
FIGS. 16 to 19 show that in addition to the emission maxima
that corresponds to the emission of the photoluminescent
agent SC-4, there are at least three dominant emission peaks
that are not overtones or artifacts.

FIGS. 20 to 22 illustrate exemplary 3-D spectral scans for
an example composition according to Example 1 above. The
3-D spectral scans show a single emission peak with no
additional dominant emission peaks. The single emission
peak corresponds to the emission of the SC-4 photolumines-
cent agent.

Example 8

PTFS Analysis for Two Examples of SC-4
Containing Toner Compositions

A PTFS was calculated using the data collected above in
examples 2 and 4 for a prior art toner composition. The
following calculation was made:

PTSF=((1-ALF-XE)xALF-QUV/CP)x100=

Where

ALF-XE=Average loss in fluorescence from day 3 to day 7
of sample under xenon-arc exposure.

ALF-QUV=Average loss in fluorescence from day 3 to day
7 of sample under QUV exposure.

CP (color purity)=Number of measured dominant photo-
luminescent peaks in an emissive spectral region (note:
taken prior to exposure values)

When CP=2: ((1-0.74)x0.80/2)x100=10.4

In an alternative example, CP is taken as 3 or 4 depending
on the time used after exposure to count peaks:

When CP=3: ((1-0.74)x0.80/3)x100=6.93

When CP=4: ((1-0.74)x0.80/4)x100=5.20

A PTFS was calculated using the data collected above in
examples 3 and 5 for an emissive toner composition accord-
ing to example 1. The following calculation was made:

PTSF((1-ALF-XE)x ALF-QUV/CP)x100=

CP=1: ((1-0.38)x0.78/1)x100=48.4

Alternatively, an observed PTSF may be calculated using
the following formula that does not include color purity:

PTSF,, or PTSF ,=((1-ALF-XE)x ALF-QUV)x100

Exemplary embodiments have been disclosed above and
illustrated in the accompanying drawings. It will be under-
stood by those skilled in the art that various changes, omis-
sions and additions may be made to that which is specifically
disclosed herein without departing from the spirit and scope
of the present invention.

What is claimed is:

1. A method of producing an emissive toner composition
for marking an article with an image indicia for authentica-
tion, information, or decoration, the method comprising:

selecting a photoluminescent agent that emits light having

one or more dominant emission peaks in a first emission
spectral region, each of the one or more dominant emis-
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sion peaks centered at a corresponding emission wave-
length, when irradiated with a first excitation energy;

selecting a charge control agent that is chemically compat-
ible with the photoluminescent agent and that does not
emit light in the visible spectrum when irradiated with
visible light and does not emit light in the first emission
spectral region when irradiated with the first excitation
energy;

selecting one or more additives that are compatible with the

photoluminescent agent and the charge control agent
and that do not emit light in the visible spectrum when
irradiated with visible light and do not emit light in the
first emission spectral region when irradiated with the
first excitation energy; and

combining the photoluminescent agent, the charge control

agent, and the one or more additives to form an emissive
toner composition that when printed to produce an
image component on a substrate, the emission spectra of
the image component for irradiation with the first exci-
tation energy includes only dominant emission peaks
corresponding to the one or more dominant emission
peaks of the photoluminescent agent.

2. A method according to claim 1, wherein when the toner
composition is printed to produce an image component on a
substrate, the image component has a photoluminescent toner
stability factor of about greater than or equal to 25, wherein
the photoluminescent toner stability factor is calculated
according to the following equation:

PTSF=((1-ALF-XE)x ALF-QUV/CP)x100,

where PTSF is the photoluminescent toner stability factor,
ALF-XE is the average loss in photoluminescence of the
image component from day 3 to day 7 of a seven day
xenon-arc exposure at 0.35 W/m” at 340 nm with the
image component distanced from the xenon arc expo-
sure at 10 inches and a temperature of 50 degrees Cel-
cius, ALF-QUYV is the average loss in photolumines-
cence of the image component from day 3 to day 7 of
submission of the image component to QUV exposure
conditions, and CP is a number of dominant emission
peaks in a desired spectral region of an emission spectra
for the image component when irradiated with the first
excitation energy prior to the xenon-arc exposure and
the QUV exposure.

3. A method according to claim 2, wherein when the toner
composition is printed to produce an image component on a
substrate, the image component has a photoluminescent toner
stability factor of about greater than or equal to 35.

4. A method according to claim 2, wherein when the toner
composition is printed to produce an image component on a
substrate, the image component has a photoluminescent toner
stability factor of about greater than or equal to 40.

5. A method according to claim 2, wherein when the toner
composition is printed to produce an image component on a
substrate, the image component has a photoluminescent toner
stability factor of about greater than or equal to 48.

6. A method according to claim 1, wherein the first emis-
sion spectral region is a spectral region selected from the
group consisting of a visible spectral region, an infrared spec-
tral region, an ultraviolet spectral region, and any combina-
tions thereof.

7. A method according to claim 1, wherein the one or more
dominant emission peaks include only a single dominant
emission peak.

8. A method according to claim 1, wherein the photolumi-
nescent agent does not emit light in the visible spectrum when
irradiated with visible light.
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9. A method according to claim 1, wherein the photolumi-
nescent agent, charge control agent, and one or more addi-
tives are selected and present in an amount in the toner com-
position such that when the toner composition is printed to
produce an image component on a substrate, the image com-
ponent is reflectively visible.
10. A method according to claim 1, wherein the photolu-
minescent agent, charge control agent, and one or more addi-
tives are selected and present in an amount in the toner com-
position such that when the toner composition is printed to
produce an image component on a substrate, the image com-
ponent is reflectively invisible.
11. A method according to claim 1, wherein the photolu-
minescent agent includes a benzoxazole.
12. A method according to claim 1, wherein the photolu-
minescent agent includes a benzothiazole.
13. A method according to claim 1, wherein the charge
control agent is present in a charge control effective amount
and the charge control agent in the charge control effective
amount is reflectively invisible.
14. A method according to claim 1, wherein the charge
control agent includes a calixerene compound that does not
emit light in the visible spectrum when irradiated with visible
light and does not emit light in the first emission spectral
region when irradiated with the first excitation energy.
15. A method according to claim 1, wherein the charge
control agent includes a modified layered silicate that does
not emit light in the visible spectrum when irradiated with
visible light and does not emit light in the first emission
spectral region when irradiated with the first excitation
energy.
16. A method according to claim 1, wherein the charge
control agent includes a hydrophobically modified metal
oxide that does not emit light in the visible spectrum when
irradiated with visible light and does not emit light in the first
emission spectral region when irradiated with the first exci-
tation energy.
17. A method of producing an emissive toner composition
for marking an article with an image indicia for authentica-
tion, information, or decoration, the method comprising:
selecting a photoluminescent agent that emits light having
one or more dominant emission peaks in a first emission
spectral region, each of the one or more dominant emis-
sion peaks centered at a corresponding emission wave-
length, when irradiated with a first excitation energy, the
photoluminescent agent not emitting light in the visible
spectrum when irradiated with visible light;
selecting a charge control agent that is chemically compat-
ible with the photoluminescent agent and that does not
emit light in the visible spectrum when irradiated with
visible light and does not emit light in the first emission
spectral region when irradiated with the first excitation
energy, the charge control agent being present in a
charge control effective amount and in the charge con-
trol effective amount being reflectively invisible;

selecting one or more additives that are compatible with the
photoluminescent agent and the charge control agent
and that do not emit light in the visible spectrum when
irradiated with visible light and do not emit light in the
first emission spectral region when irradiated with the
first excitation energy; and

combining the photoluminescent agent, the charge control

agent, and the one or more additives to form an emissive
toner composition that when printed to produce an
image component on a substrate, the emission spectra of
the image component for irradiation with the first exci-
tation energy includes only dominant emission peaks
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corresponding to the one or more dominant emission
peaks of the photoluminescent agent.

18. A method according to claim 17, wherein when the
toner composition is printed to produce an image component
on a substrate, the image component has a photoluminescent
toner stability factor of about greater than or equal to 25,
wherein the photoluminescent toner stability factor is calcu-
lated according to the following equation:

PTSF=((1-ALF-XE)x ALF-QUV/CP)x100,

where PTSF is the photoluminescent toner stability factor,
ALF-XE is the average loss in photoluminescence of the
image component from day 3 to day 7 of a seven day
xenon-arc exposure at 0.35 W/m? at 340 nm with the
image component distanced from the xenon arc expo-
sure at 10 inches and a temperature of 50 degrees Cel-
cius, ALF-QUYV is the average loss in photolumines-
cence of the image component from day 3 to day 7 of
submission of the image component to QUV exposure
conditions, and CP is a number of dominant emission
peaks in a desired spectral region of an emission spectra
for the image component when irradiated with the first
excitation energy prior to the xenon-arc exposure and
the QUV exposure.
19. A method according to claim 18, wherein when the
toner composition is printed to produce an image component
on a substrate, the image component has a photoluminescent
toner stability factor of about greater than or equal to 48.
20. A method according to claim 17, wherein the photolu-
minescent agent includes a benzoxazole.
21. A method according to claim 17, wherein the photolu-
minescent agent includes a benzothiazole.
22. A method according to claim 17, wherein the charge
control agent includes a calixerene compound that does not
emit light in the visible spectrum when irradiated with visible
light and does not emit light in the first emission spectral
region when irradiated with the first excitation energy.
23. A method of producing an emissive toner composition
for marking an article with an image indicia for authentica-
tion, information, or decoration, the method comprising:
selecting a photoluminescent agent that emits light having
one or more dominant emission peaks in a first emission
spectral region, each of the one or more dominant emis-
sion peaks centered at a corresponding emission wave-
length, when irradiated with a first excitation energy;

selecting a charge control agent that is chemically compat-
ible with the photoluminescent agent and that does not
emit light in the visible spectrum when irradiated with
visible light and does not emit light in the first emission
spectral region when irradiated with the first excitation
energy;

selecting one or more additives that are compatible with the

photoluminescent agent and the charge control agent
and that do not emit light in the visible spectrum when
irradiated with visible light and do not emit light in the
first emission spectral region when irradiated with the
first excitation energy; and

combining the photoluminescent agent, the charge control

agent, and the one or more additives to form an emissive
toner composition that when printed to produce an
image component on a substrate, the emission spectra of
the image component for irradiation with the first exci-
tation energy includes only dominant emission peaks
corresponding to the one or more dominant emission
peaks of the photoluminescent agent, wherein when the
toner composition is printed to produce an image com-
ponent on a substrate, the image component has a pho-
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toluminescent toner stability factor of about greater than
or equal to 25, wherein the photoluminescent toner sta-
bility factor is calculated according to the following
equation:

PTSF=((1-ALF-XE)x ALF-QUV/CP)x100,

where PTSF is the photoluminescent toner stability factor,
ALF-XEF is the average loss in photoluminescence of the
image component from day 3 to day 7 of a seven day
xenon-arc exposure at 0.35 W/m? at 340 nm with the
image component distanced from the xenon arc expo-
sure at 10 inches and a temperature of 50 degrees Cel-
cius, ALF-QUYV is the average loss in photolumines-
cence of the image component from day 3 to day 7 of
submission of the image component to QUV exposure
conditions, and CP is a number of dominant emission
peaks in a desired spectral region of an emission spectra
for the image component when irradiated with the first
excitation energy prior to the xenon-arc exposure and
the QUV exposure.

24. A method according to claim 23, wherein the charge
control agent includes a calixerene compound that does not
emit light in the visible spectrum when irradiated with visible
light and does not emit light in the first emission spectral
region when irradiated with the first excitation energy.

25. A method according to claim 23, wherein the photolu-
minescent agent, charge control agent, and one or more addi-
tives are selected and present in an amount in the toner com-
position such that when the toner composition is printed to
produce an image component on a substrate, the image com-
ponent is reflectively invisible.

26. A method according to claim 1, wherein when the toner
composition is printed to produce an image component on a
substrate, the image component has an observed photolumi-
nescent toner stability factor of about greater than or equal to
25, wherein the observed photoluminescent toner stability
factor is calculated according to the following equation:

PTSF,=((1-ALF-XE)x ALF-QUV)x100,

where PTSF is the observed photoluminescent toner sta-
bility factor, ALF-XE is the average loss in photolumi-
nescence of the image component from day 3 to day 7 of
a seven day xenon-arc exposure at 0.35 W/m? at 340 nm
with the image component distanced from the xenon arc
exposure at 10 inches and a temperature of 50 degrees
Celcius, ALF-QUYV is the average loss in photolumines-
cence of the image component from day 3 to day 7 of
submission of the image component to QUV exposure
conditions.

27. A method according to claim 26, wherein when the
toner composition is printed to produce an image component
on a substrate, the image component has an observed photo-
luminescent toner stability factor of about greater than or
equal to 35.

28. A method according to claim 26, wherein when the
toner composition is printed to produce an image component
on a substrate, the image component has an observed photo-
luminescent toner stability factor of about greater than or
equal to 40.

29. A method according to claim 26, wherein when the
toner composition is printed to produce an image component
on a substrate, the image component has a observed photolu-
minescent toner stability factor of about greater than or equal
to 48.

30. A method according to claim 17, wherein when the
toner composition is printed to produce an image component
on a substrate, the image component has an observed photo-
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luminescent toner stability factor of about greater than or
equal to 25, wherein the photoluminescent toner stability
factor is calculated according to the following equation:

PTSF,((1-ALF-XE)x ALF-QUV)x 100,

where PTSF | is the observed photoluminescent toner sta-
bility factor, ALF-XE is the average loss in photolumi-
nescence of the image component from day 3 to day 7 of
a seven day xenon-arc exposure at 0.35 W/m? at 340 nm
with the image component distanced from the xenon arc
exposure at 10 inches and a temperature of 50 degrees
Celcius, ALF-QUYV is the average loss in photolumines-
cence of the image component from day 3 to day 7 of
submission of the image component to QUV exposure
conditions.

31. A method according to claim 30, wherein when the
toner composition is printed to produce an image component
on a substrate, the image component has an observed photo-
luminescent toner stability factor of about greater than or
equal to 48.
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